The progression of papillomas to squamous cell carcinomas (malignant conversion) was studied in the skin of SENCAR and Charles River CD-1 mice, using a three-stage treatment protocol. After initiation with 7,12-dimethylbenz(a)anthracene (DMBA) (stage 1) and limited promotion by 12-0-tetradecanoylphorbol-13-acetate (TPA) (stage II), papilloma-bearing mice were treated (stage III) with either tumor initiators, such as urethane, N-methyl-N'nitro-N-nitrosoguanidine (MNNG) or 4-nitroquinoline-n-oxide (R-NQO), the promoter TPA, or solvent (acetone). Similar final carcinoma yields were found in the mice treated in stage III with TPA or acetone, although carcinomas developed earlier in the TPA-treated mice. In contrast, treatment with tumor initiators in stage III increased both the rate of appearance and the final yield of carcinomas. Similar results were obtained in both SENCAR and CD-1 mice. A papilloma stage appears to be necessary for carcinoma development since elimination of TPA treatment in stage II greatly reduced the incidence of both papillomas and carcinomas in both stocks of mice. The heterogeneity of papillomas with regard to progression to carcinomas is demonstrated by the low rate of conversion of TPA-dependent papillomas and the high rate of conversion of persistent papillomas in CD-1 mice. The carcinomas that develop using the three-stage regimen vary in metastatic potential. In CD-1 mice, the frequency of metastases to lymph nodes were similar in groups treated in stage III with MNNG, urethane, 4-NQO, TPA, or acetone, but treatment with urethane substantially increased metastases to the lung. In SENCAR mice, this effect of urethane was not observed, but lymph node and lung metastases appeared to be increased by stage III treatment with MNNG.
Introduction
The initiation-promotion model of epidermal carcinogenesis in mice has provided the basis for many conceptual advances in the understanding of the biology of carcinogenesis (1) (2) (3) promoting stimulus is removed (4) . Other papillomas progress irreversibly to carcinomas, either spontaneously or as a result of further exposure to a genotoxic tumor initiator; this process has been termed malignant conversion (stage III) (5) . Continued treatment with the tumor promoter 12-0-tetradecanoylphorbol-13-acetate (TPA) increases the rate of malignant conversion, but does not alter the final carcinoma incidence (5). The factors responsible for this conversion have only been studied recently, although Berenblum (6) recognized the conversion of benign papillomas to carcinomas as a specific stage nearly 45 years ago. Metastasis of skin squamous cell carcinomas to the lungs and lymph nodes occurs as a fourth stage in epidermal carcinogenesis. The irreversibility of both initiation and malignant conversion and the genotoxic nature of the active agents suggests that these processes involve genetic alterations. The increased proliferation rate in promotertreated epidermis and in papillomas may increase the probability of genetic changes necessary for the progression of papillomas to carcinomas (7, 8) . Three-stage carcinogenesis has been demonstrated only in SENCAR (Fig. 2a) . In the group in which TPA was continued, the papilloma incidence continued to rise until week 28. However, the final carcinoma yield was essentially equal in groups receiving continuous TPA or acetone solvent alone in stage III (Fig. 2b) . Since the number of papillomas remaining at the time carcinomas were first seen was markedly reduced in the acetone group, TPA-dependent papillomas are at very low risk for carcinoma formation, whereas persistent papillomas (those which remain after termination of TPA treatment) are at high risk. The maximum papilloma incidence at 16 weeks was reduced 30% by treatment with 4-NQO in stage III, but the papilloma regression rate was unaffected by urethane or 4-NQO compared to that in acetone-treated mice (Fig. 2a) . Either 4-NQO or urethane in stage III clearly increased both the rate of carcinoma appearance and the final carcinoma yield relative to TPA or acetone treatment (Fig. 2b) . The low carcinoma yield in control groups not exposed to TPA in stage II confirms the requirement for a papilloma stage prior to carcinoma formation (Fig.  3 ). Stage I initiation followed by solvent treatment in stage II and urethane or 4-NQO in stage III produced few papillomas (3 with urethane and 31 with 4-NQO per 40 mouse group) and almost no malignancies (Fig. 3) . However, repeated MNNG given to DMBA-initiated or uninitiated CD-1 mice induced carcinomas in over half of the mice (Fig. 4) In contrast to CD-1 mice, continued TPA treatment of initiated SENCAR mice after an optimal course of TPA treatment did not result in a maintenance of a high papilloma incidence (Fig. 5) . Papillomas regressed whether mice were exposed to continued TPA or acetone solvent. The mechanism responsible for this apparent absence of TPA-dependent papillomas in SEN-CAR mice is unclear. As with CD-1 mice, however, the final carcinoma yield was the same with TPA or solvent, although the latent period may be somewhat shorter in the continuous TPA group.
Metastasis of Squamous Cell Carcinomas
In the three-stage carcinogenesis experiment in CD-1 mice described in Figures 2-4 , complete autopsies were performed on all animals and possible metastatic lesions were examined histologically. After DMBA initiation, 12 weeks ofTPA promotion and either continued TPA or acetone treatment for a further 40 weeks, about 20% of the mice with 1 or more carcinomas also developed metastatic carcinomas ( lungs. The lung squamous cell carcinomas seen after stage III urethane exposure were not primary, urethane-induced lesions since identical urethane treatment of uninitiated mice or initiated mice not treated with TPA in stage II produced no squamous cell carcinomas of the skin or lung. Primary lung adenomas were observed in about halfthe mice in these two groups as well as in the group that developed metastatic lung tumors. The overall rate of metastasis appeared to be slightly lower in SENCAR mice treated in stage III with acetone ( Table 2) . A group treated with TPA in stage III was not included in this experiment, so no data are a Groups of 40 female CD-1 mice were initiated with 50 ,ug DMBA (stage I) and promoted with 12 weekly applications of 10 ,ug TPA (stage II). In SENCAR mice, groups of 30 females were initiated by 20 ,ug DMBA and promoted with 10 weekly applications of 2 ,g TPA. The indicated stage III treatments once weekly from weeks 13 to 52 in CD-1 mice and weeks 11 to 40 in SENCAR mice were as follows: acetone, 0.2 mL; TPA, 10 ,ug; MNNG, 120 ,ug; urethane, 20 mg IP; 4-NQO, 250 ,ug. Some animals developed metastases in both lymph nodes and lungs. Between 13 and 24 carcinoma-bearing mice were examined in each group. Squamous cell carcinomas in the lungs or lymph nodes were observed only in mice that bore skin squamous cell carcinomas.
presented on metastases in SENCAR mice treated long-term with TPA. In contrast to CD-1 mice, stage III exposure to urethane did not affect the number of mice with lung metastases. Although 4-NQO increased the metastatic rate only slightly, MNNG in stage III more than doubled the overall rate of metastasis.
